Background: Vitiligo is characterized by the idiopathic destruction of melanocytes, probably of autoimmune etiology, that results in depigmented patches of skin and mucosal surfaces. Oxidative stress may contribute to the pathogenesis of vitiligo. Zinc, a trace element with antiapoptotic properties, plays a major role in the process of melanogenesis and elimination of free radicals. The present study was conducted with the aim of comparing serum zinc levels in patients with vitiligo and in normal controls. Materials and Methods: In this case-control study, we studied 103 patients with vitiligo and 103 healthy sex-and age-matched controls. Serum zinc levels were measured in these two groups using atomic absorption spectrophotometry and compared with each other. Results: The mean serum zinc level was 92.1 mcg/dl in the focal vitiligo, 81.3 mcg/dl in the generalized vitiligo, and 91.8 mcg/dl in the control group. A significant difference in serum zinc levels was observed between the patients with generalized vitiligo and the controls. Lower serum zinc levels were also correlated with longer duration of the disease. Furthermore, a negative relationship was found between serum zinc level and age of patients with vitiligo. Conclusion: Serum zinc level is low in patients with generalized vitiligo. In these patients, serum zinc level is in negative correlation with patient's age and disease duration.
Introduction
Vitiligo is one of the most prevalent pigmentation disorders in the world characterized by the destruction of melanocytes and the development of white macules and patches on the skin or mucosa. [1, 2] With a global frequency of 0.5%-4%, vitiligo occurs in both sexes and all races and ages. [3] [4] [5] [6] [7] [8] [9] Nevertheless, the most common age of onset of the disease is 10-30 years. [9] Since patches of depigmentation mainly develop in the exposed areas of the body, mostly in young individuals, vitiligo can be associated with lower self-confidence, disturbed social and sexual performance, isolation, depression, and ultimately lower quality of life. [1, 2, 5] Although the mechanisms involved in the pathogenesis of vitiligo are not fully understood, it is hypothesized that oxidative stress can play a major role in its pathogenesis. In fact, some mediators such as hydrogen peroxide, which are produced in the biosynthesis of melanin, are toxic for melanocytes. If not eliminated by the antioxidant system, these mediators can destroy melanocytes. [3, 10] Zinc is a rare element with many vital functions in human body. While the apoptosis of melanocytes has been suggested as a possible cause of vitiligo, zinc is known to have antiapoptotic property. Moreover, zinc and other trace elements are known as antioxidants that neutralize the toxic effects of free radicals. Zinc is also involved in the process of melanogenesis. [11] [12] [13] [14] [15] [16] Due to the unclear etiology of vitiligo, the proposed treatments have been unsuccessful and unsatisfactory. Considering the significant burden of vitiligo, a combination of routine treatments and alternative therapies would be required to promote the patients' quality of life. However, previous studies have reported contradictory results about serum zinc levels in patients with vitiligo. Therefore, the present study was conducted with the specific objective of evaluation of serum zinc level in patients with vitiligo and comparison with that of controls.
Materials and Methods
In this case-control study, 103 patients with vitiligo who presented to our dermatology clinic from April 2015 to April 2016 were selected for the study. The control group included 103 age-and sex-matched healthy individuals who were selected from either patients' family members or from medical staffs. The study protocol was approved by our medical ethics committee. The participants were asked to sign an informed consent form after they were provided with complete information about the study protocol. Patients with vitiligo who had not received zinc supplements over the past 4 weeks and did not have any other dermatologic or systemic diseases were included in the study. Patients with cirrhosis, malignancies, renal failure, diarrhea, acute infections, alcohol users, women-receiving contraceptive pills, and pregnant women were excluded from the study.
Demographic information and history of underlying diseases were recorded. Vitiligo was divided into three subtypes: generalized vitiligo (widespread lesions with almost symmetrical distribution), focal vitiligo (one or few lesions at a single site), and mucosal vitiligo (involvement of mucosa membranes). Serum zinc levels were measured in these groups and in controls using atomic absorption spectrophotometry.
The analysis of variance (ANOVA) test was performed to compare the serum zinc levels in the case and control groups. We also used independent t-test to compare serum zinc levels in focal and generalized vitiligo. P<0.05 was considered statistically significant.
Results
Of 103 patients with vitiligo, 31.1% were male and 68.9% were female. Generalized, focal, and mucosal vitiligo were seen in 63 (61.2%), 39 (37.9%), and 1 (1%) of the patients, respectively. Moreover, 29.1% of the patients had a family history of generalized vitiligo. A family history of thyroid disorders (either hypothyroidism or hyperthyroidism) and type II diabetes was reported by 19.4% and 27.2% of the patients, respectively.
The mean serum zinc levels were 92.1, 81.3, and 91.8 mcg/dl in the focal vitiligo, generalized vitiligo, and the control groups, respectively. Independent sample's t-test was applied to compare the means of serum zinc levels in these groups. While patients with focal vitiligo were similar to the control group in terms of serum zinc level, individuals with generalized vitiligo had significantly lower zinc level in comparison with the control group (P=0.031) [ Tables 1-3 
].
A negative correlation was observed between serum zinc level and age in patients with vitiligo (R=−0.67). Furthermore, there was a strong positive correlation between disease duration and serum zinc levels in both generalized and focal vitiligo (R=0.73). In other words, patients with longer duration of the disease had lower zinc level. Moreover, significant lower zinc level was observed in patients with generalized vitiligo in comparison with focal vitiligo (P=0.003).
Discussion
Vitiligo is a common pigmentary disease of the skin and mucous membrane and is characterized by depigmented macules and patches. It usually begins in young adulthood. [1, 2] Since patches of depigmentation mainly develop in the exposed areas of the body, mostly in young individuals, vitiligo can be associated with lower self-confidence, disturbed social and sexual performance, isolation, depression, and ultimately lower quality of life. [1, 2, 5] Similar male-to-female ratios have been reported in the most previous studies in patients with vitiligo. For instance, in a study by Yaghoobi et al., female and male patients comprised 45.3% and 54.7% of the study population, respectively. [2] However, Shameer et al. evaluated 60 patients and found vitiligo to be more frequent in men (male-to-female ratio equal to 4.5:1). In the present research, vitiligo was more common in women (female: 68.9%; male: 31.1%). This finding can be due to the fact that women tend to care more about their skin problems and are more likely to visit dermatology clinics.
Hypothesized mechanisms involved in vitiligo are autoimmune factors, intrinsic defects of melanocytes, oxidative stress, cytotoxic mechanisms, and neural mechanisms. Several studies revealed that oxidative stress may play a major role in the pathogenesis of vitiligo. They suggest that the accumulation of free radicals is toxic to melanocytes and results in their destruction. [17] Zinc is known as a potential antiapoptotic agent. Apoptosis of melanocytes may be involved in the pathogenesis of vitiligo. Thus, zinc may be a promising agent in the treatment of vitiligo by preventing apoptosis of melanocytes. [3] Zinc and other micronutrients have a key role in the process of melanogenesis. They catalyze the production of 5, 6-dihydroxy indole-2-carboxylic acid and enhance the formation of eumelanin polymer from monomers. This process is the final stage of eumelanin formation in melanogenesis, so zinc may have an important effect on vitiligo. [13, 18] Family history of vitiligo was positive in 29.1% of our patients. Likewise, Shameer et al. reported a positive family history in 33% of patients with vitiligo. [13] Patients with focal and mucosal vitiligo comprised 37.9% and 1% of the cases, respectively. Similar to Shameer et al., [13] we found generalized vitiligo to be the most frequent type of vitiligo.
The mean of serum zinc levels were 92.1, 81.3, and 91.8 mcg/dl in focal vitiligo, generalized vitiligo, and the control groups, respectively. While patients with focal vitiligo and the control group had no significant difference in terms of serum zinc levels, participants with generalized vitiligo had significantly lower zinc levels compared to the control group. These findings are in agreement with those previously reported by Shameer et al. [13] Arora et al. failed to detect any significant difference between serum zinc levels in the case and the control groups [16] while Helmy et al. found higher serum zinc levels in the case group. [19] Yaghoobi et al. reported serum zinc levels to be normal, in most of their vitiligo patients. [2] However, due to the absence of a control group in this study, their findings are not comparable to ours. Shameer et al. found that low zinc levels were more frequent in patients with disease duration of 2-5 years. [13] In this study, duration of the disease had a strong positive linear relationship with serum zinc levels. In fact, longer durations of the disease were associated with lower zinc levels.
The limitation of our study was small number of mucosal vitiligo that disabled us to compare this group with others.
Conclusions
Based on the results of this study, the patients with generalized vitiligo have lower zinc level. In these patients, serum zinc level is in negative correlation with patient's age and disease duration.
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What is new?
• Patients with generalized vitiligo have lower serum zinc level.
• Lower serum zinc level in patients with vitiligo is correlated with the duration of the disease. • There is a negative correlation between serum zinc level and age in patients with vitiligo.
